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_________________________________________________________________________ 
 
Abstract 
 
Spatial modelling approaches are increasingly used to design and direct 
management and conservation plans at the landscape scale. One of the main 
developments is buffer-radius approaches that use information on the dispersal 
ability of species to create buffers around distinct habitat patches to assess habitat 
connectivity within the landscape. In this study, Euclidean and least-cost buffers 
were used to predict functional ecological networks for wood cricket (Nemobius 
sylvestris) within the wooded landscape of the Isle of Wight, UK. Compared to 
the Euclidean buffer approach, the least-cost method revealed a higher number of 
functional networks indicating a high level of habitat fragmentation for wood 
cricket and similar woodland invertebrate species. Recent habitat network 
development increased network connectivity in 3 out of 4 cases. The results 
further highlight the demand for detailed information, both in terms of species 
specific and in terms of land cover data, for using least-cost modelling tools 
effectively in conservation planning. 
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Introduction 
 
     Spatial modelling approaches are increasingly used to design and direct management and 
conservation plans at the landscape scale (e.g. Humphrey et al., 2005). Recently several 
buffer-radius approaches (Calabrese and Fagan, 2004) have been developed and used in 
conservation planning (e.g. Humphrey et al., 2005; Watts et al., 2007). For example in the 
UK, Forest Research has been developing modelling approaches under the banner of  
Biological and Environmental Evaluation Tools for Landscape Ecology (BEETLE) (Watts et 
al., 2005). This program of work focuses on providing biodiversity evaluation tools for forest 
and landscape managers to maintain and develop sustainable forest landscapes (Watts et al., 
2005). The main approach that has been developed is based on the principles of least-cost 
buffer distance and aims to predict functional habitat networks in the landscape (Adriaensen 
et al., 2003; Watts et al., 2007). However, because of the general lack of species data at large 
spatial and temporal scales, these buffer-radius approaches are rarely evaluated and/or tested.  
 
     In  this  study,  Euclidean  and  least-cost buffers were used to predict the functional 
ecological networks for wood cricket (Nemobius sylvestris) within the wooded landscape of 
the Isle of Wight, UK. In the UK, wood cricket is designated as a local species of 
conservation concern (NBN Gateway, 2009). Empirical data for wood cricket was collected 
between 2005 and 2007. Data were collected on: (i) distribution and occurrence at the 
landscape scale, (ii) habitat requirements, and (iii) dispersal ability of the species through 
different habitat and landscape features. Wood cricket was found to be a edge specialist, 
generally found in woodland habitat, only showing few movements into surrounding 
landscape features (i.e. matrix sensitive), and to be a poor to moderate disperser (Brouwers 
and Newton, 2009a; Brouwers and Newton, in press; Brouwers et al., unpublished data). 
During their life cycle wood cricket was found able to disperse up to 60 m through woodland 
habitat (Morvan et al., 1978; Brouwers et al., unpublished data). Movement through semi-
natural habitat and grasslands were found to be restricted (Brouwers et al., unpublished data). 
Wood cricket was able to cross small water courses (Brouwers et al., unpublished data), but 
generally avoided crossing linear landscape features like roads posing as possible dispersal 
barriers (Morvan and Campan, 1976; Brouwers, pers obs). Their dispersal ability was found 
similar to other ground-dwelling woodland specialist invertebrate species (Brouwers and 
Newton, 2009b), and they can therefore be considered representative for this group of species. 
 
     This knowledge was used in this study to model functional habitat networks for wood 
cricket addressing the following aims: (1) to assess the level of habitat fragmentation for the 
surveyed woodlands on the Isle of Wight; (2) to compare the Euclidean and least-cost buffer 
approach informed by empirical derived species data and patch occupancy; (3) to evaluate a 
targeted landscape scale restoration scheme that focused on increasing connectivity between 
woodlands; and (4) to explore the usefulness of the application of buffer-radius approaches in 
conservation planning. 
 
Methods 
 
Study area 
 
     The woodlands on the Isle of Wight (UK) were used to perform the model simulations in 
this study. The total surface area of the Isle of Wight is approximately 380 km². Total 
woodland area is approximately 50 km² covering 13% of the island. The landscape is 
dominated by agricultural land with woodland fragments distributed across the island. Of the 
total woodland area, 32% is classified as woodland still retaining ancient woodland 
characteristics of which 17% is classified as ancient semi-natural woodland (ASNW) and the 
remaining 15% as plantations on ancient woodland sites (PAWS) (i.e. former native 
woodlands planted with non-native, mainly coniferous, tree species). The remaining 
woodlands are secondary in origin (i.e. post 1600 native woodlands) and/or are plantations 
(Smith and Gilbert, 2003). On the Isle of Wight, several woodland restoration schemes are  
and have been carried out including targeted restoration schemes to increase connectivity and 
create habitat networks (Forestry Commission, 2005, 2006, 2007; Quine and Watts, 2009). 
 
Species data 
 
     In 2005, a landscape scale survey was undertaken on wood cricket targeting individual 
woodlands on the Isle of Wight. A total of 147 individual woodland fragments were surveyed 
of which 32 were found occupied and 115 unoccupied. Fragment boundaries were defined 
either by neighbouring agricultural land (grassland or arable) or by distinct 
anthropogenic/natural landscape features like urban fringes, tarmac roads, railway lines, rivers 
and watercourses (for more details see Brouwers and Newton, 2009a). This data combined 
with data gathered in 2006 and 2007 on the dispersal ability of wood cricket was used to 
compare and evaluate the output scenarios for the alternative buffer-radius approaches used in 
this study. 
 
Modelling 
 
     Two buffer-radius approaches were adopted to generate potential habitat networks for 
wood cricket on the Isle of Wight. The first approach applied a Euclidean distance buffer to 
generate potential habitat networks for wood cricket using their maximum dispersal distance 
(Approach 1). The second approach used a least-cost buffer method (Approach 2). For this 
approach, a tool developed by Forest Research (FR) under the banner of Biological and 
Environmental Evaluation Tools for Landscape Ecology (BEETLE) (Watts et al., 2005) was 
used. This tool is an extension for ArcGIS (ESRI, Redlands, California, USA) and uses a 
combination of spatial land cover data and species-specific variables to predict functional 
habitat networks within the landscape (Watts et al., 2005; Eycott et al., 2007; Watts et al., 
2007). It evaluates the level of connectivity for the habitat of a species within the landscape 
based on the predicted ability of a species to move through different landscape features (Watts 
et al., 2005). 
 
     To model the habitat networks with the two different approaches, two digitised maps were 
used within ArcGIS. ‘Map 1’ represented all woodland habitats on the Isle of Wight derived 
from National Inventory of Woodland and Trees (NIWT) (Smith and Gilbert, 2003). This 
map excluded roads, inland water bodies and streams derived from Ordnance Survey data 
(Ordnance Survey, Southampton, United Kingdom) that intersected the woodland habitat. 
‘Map 2’ combined the woodlands from ‘Map 1’ with Land Cover Map 2000 (LCM2000, 
CEH, Wallingford, UK) and Ordnance Survey data for roads, small inland water bodies and 
streams respectively.  
 
     Based on the maximum dispersal distance observed for wood cricket, for both approaches 
a buffer distance of 60 m was used. For Approach 1, a buffer was created around the 
woodland habitat fragments included in ‘Map 1’. For this approach, after the buffers were 
created, all woodlands overlapping each other were grouped as being part of a network. For 
Approach 2, habitat networks were created based on the maximum dispersal distance of wood 
cricket and the permeability of the surrounding landscape features. The permeability of each 
feature was calculated by dividing the maximum dispersal distance (i.e. buffer distance) by 
the assigned cost value. Based on empirical evidence and expert knowledge of the species, 
woodland habitat was assigned a cost value of 1, indicating maximum permeability up to 60 
m (60/1) through this habitat. Semi-natural landscape features and grassland were assigned a  
cost value of 2 indicating a maximum permeability up to 30 m (60/2), cost 30 for arable and 
urban developed land (permeability 2 m (60/30)), and cost 60 for estuaries, roads, inland 
water bodies and streams (permeability up to 1 m (60/60)). 
 
Statistical analysis 
 
     Differences  between  the  approaches  were tested based on the woodlands that were 
surveyed in 2005 (n = 147). For these tests, only predicted networks including a surveyed 
woodland were used in the analyses. Differences in the number of networks between the 
approaches were tested against expected values of equal size using chi-square ‘goodness of 
fit’ tests. Furthermore, for each approach, network area of occupied and unoccupied networks 
was compared using Mann-Whitney U tests. Tests were performed using SPSS for Windows 
(SPSS Inc., Chicago, Illinois, USA). 
 
Evaluating targeted landscape restoration 
 
     A program of targeted woodland restoration was developed on the Isle of Wight aiming to 
increase connectivity between woodland habitats (Quine and Watts, 2009). New plantings 
were developed on agricultural and private land. This program was evaluated in terms of 
increasing network connectivity and size for wood cricket by including the new plantings 
developed under the scheme in the map with the predicted networks generated with Approach 
2.  
 
Results and Discussion 
 
Comparison of Euclidean vs. least-cost buffer 
 
     Compared to the Euclidean buffer approach, the least-cost method predicted more than 
twice as many networks (Table 1). Furthermore, the functional (i.e. occupied) networks that 
were generated were significantly bigger using the Euclidean buffer approach (App 1) 
compared to the least-cost approach (App 2) (Mann-Whitney U test: Median App 1 = 125.1 
ha, Median App 2 = 25.6 ha; U = 59.000, z = -2.868, P = 0.004).  
 
Table 1.  Summary table of the networks that included the woodlands that were surveyed in 
2005 (n = 147). Approach 1 indicates the results for the Euclidean buffer approach and 
Approach 2 for the least-cost method.   
  
   Approach 1  Approach  2 
Nr of networks  43*  97* 
Nr of unoccupied networks  30*  75* 
Nr of occupied networks  13  22 
   Total area included in the occupied  networks (ha)  3136  1585 
 
* P < 0.05  Based on chi-square 
 
     In Figure 1, the difference between the approaches is further displayed. The Euclidean 
buffer approach (App 1) does not account for the permeability of the features surrounding the 
woodland fragments within the landscape. The least-cost approach (App 2) does account for 
the permeability of these surrounding features. This difference in approach results in a larger  
area for wood cricket being available within the landscape when using App 1 compared to 
App 2 (see Figure 1a; b). The consequences of adopting these different approaches is further 
highlighted in Figure 1c; d. What is assumed to be one functional network for wood cricket 
using the Euclidean buffer approach is predicted to be four separate networks when using the 
least-cost approach (see figure 1c; d).  
 
a b 
 
c d 
 
Figure 1.  Predicted functional networks for wood cricket on the Isle of Wight. Figure a and c 
were generated with Euclidean buffer (App 1). Figure b and d were generated with least-cost 
distance buffer (App 2). For a and b: black patches indicate occupied networks, grey patches 
unoccupied networks, and white patches indicate unsurveyed woodlands. For c, the black 
patch indicates one occupied network. For d, black patches indicate two occupied networks 
and grey patches two unoccupied networks. Lines represent roads and small water courses.  
 
     The detailed study of wood cricket that was undertaken between 2005 and 2007 was aimed 
to provide reliable parameters for the least-cost approach that was used in this study. The data 
that was collected revealed considerable impacts of the habitat and landscape features on the 
dispersal ability of wood cricket (Brouwers et al., unpublished data). This indicates that the 
habitat surrounding woodlands has a considerable impact on the dispersal of wood cricket 
within the landscape and between woodland fragments. The prediction for the location and 
size of the functional habitat networks made with the Euclidean buffer approach can therefore 
be considered less accurate compared to the least-cost approach. For a network to be 
functional, a species should potentially be able to utilise the entire area that is included 
(Crooks and Sanjayan, 2006). The total area that was included in the occupied networks for 
wood cricket generated with the Euclidean buffer approach (3136 ha) is therefore a likely 
overestimation. The functional area used by wood cricket will likely be around 1585 ha as  
was predicted with the least-cost approach (Table 1). Altogether these results indicate that 
wood cricket is highly sensitive to habitat fragmentation and further highlights the current 
high level of fragmentation of woodlands for wood cricket and similar woodland invertebrate 
species on the Isle of Wight. 
 
 
Habitat network creation 
 
     In 14 habitat networks that were surveyed in 2005, targeted plantings were carried out to 
increase woodland habitat connectivity. Four of these networks were harbouring wood cricket 
communities. In three out of these four occupied networks, the scheme was successful in 
connecting and increasing the total area of the functional network. Two separate occupied 
networks were connected with each other (51 ha + 3 ha) and one occupied network was 
effectively connected with an unoccupied network (527 ha + 5 ha). These findings indicate 
that for wood cricket the targeted approach of this scheme to increase habitat networks was 
effective for the occupied networks that were surveyed.  
 
Conservation planning 
 
     To measure habitat connectivity for species accurately within the landscape is an ongoing 
challenge. The relative simplicity of the Euclidean buffer approach is often favoured in 
conservation planning to highlight priority areas within the landscape (Calabrese and Fagan, 
2004). However, this study revealed that when more detailed data is available, the predicted 
networks between approaches vary considerably in size and location. This indicates that when 
using a simple Euclidean buffer in conservation planning, some areas might be incorrectly 
targeted, should the benefit be intended for species like wood cricket.  
 
     The least-cost approach has a much higher demand for detailed data than the Euclidean 
buffer approach. The data that is needed for the Euclidean buffer includes spatial data of the 
habitat patches present within the landscape and an estimate for the maximum lifetime 
dispersal distance of the species, which is already a difficult figure to obtain. The least-cost 
approach however needs an additional spatial dataset including detailed information on the 
features lying between the habitat patches and detailed species information on the ability of 
the species to move through these features. This detailed data is often difficult to obtain 
within a short timeframe as was found in this investigation. In this particular study on wood 
cricket, the data were collected over 3 years. However, even in this time span, it was difficult 
to obtain accurate empirical data on dispersal, and a fair amount of expert opinion was needed 
to provide permeability estimates for the individual landscape features. A second issue is that 
generally there is no accurate spatial land cover data available for large areas to perform this 
kind of landscape scale analysis. The accuracy of the land cover data that was used in this 
study was relatively low and needed a considerable amount of additional work to generate the 
results presented here. Some of the habitat networks that were generated here might therefore 
not be accurate in terms of their ‘functionality’ for wood cricket. 
 
     The pace of both land-use change and climate change requires that policy and action must 
be based on acceptable principles, albeit subject to change in the light of emerging research. 
However, the urgency to assess changes in connectivity to support conservation planning and 
policy often means that there is no time to wait until more complete data have been assembled 
on species and their interaction with the landscape. The least-cost approach that was used in  
this study has therefore been adopted in several conservation planning projects (Watts et al., 
2007), often using a focal species approach (Eycott et al., 2007). Still, to validate these 
methods in terms of their strengths in providing accurate predictions of functional habitat 
networks, more studies need to be preformed using similar data that was used here (Bailey, 
2007). Until then these approaches should be used as an indicative rather than prescriptive 
tool within the existing conservation toolset to assist and support conservation planning and 
policy. 
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